J O S E M A N U E L A L O N S O
I magine life without visual motion. You can easily recognize a face, but you cannot safely cross the street because you do not see cars moving. Instead, you see snapshots of stationary cars that change position at unpredictable times. Most of us do not have this problem, because healthy brains contain many neurons that are direction selective -they fire strongly when they detect movement in one direction (known as their preferred direction, towards the left of the eye's field of view, for instance), and relatively weakly in response to movement in the opposite direction 1 . These directionselective neurons are found in different parts of the brain, including the cerebral cortex. On page 80, Lien and Scanziani 2 report a major advance in our understanding of how neurons in the brain's primary visual cortex become direction selective.
Sensory information is transmitted from the eye to the primary visual cortex through a neuronal structure called the thalamus. Thalamic and cortical neurons respond only to stimuli within a small portion of the field of view, known as their receptive field. Previous studies [3] [4] [5] [6] [7] in cats suggest that direction selectivity in a cortical neuron arises from the combined activity of multiple thalamic neurons, which converge on the cortical neuron. These thalamic inputs have overlapping receptive fields, do not have direction selectivity themselves, and are temporally diverse in terms of their responses to stimuli. In this model, different thalamic inputs responding to moving stimuli over differing time periods generate a preferred direction of movement in the cortical neuron. However, finding direct experimental evidence for this model has been technically challenging.
Lien and Scanziani have overcome the technical limitations of the past thanks to the emergence of powerful tools that enable researchers to genetically manipulate neurons and measure the activity of multiple thalamic inputs to one cortical neuron. First, the authors used genetic-engineering techniques to silence the non-thalamic inputs to the primary visual cortex of mice, so that they could isolate the effects of thalamic inputs on direction selectivity in cortical neurons. These experiments replicated previous findings in cats 4 ,
confirming that cortical cells maintain their direction selectivity when non-thalamic inputs are inactivated. Thus, direction selectivity in the primary visual cortex of mice originates at thalamic inputs. Next, the researchers investigated the neuronal mechanisms underlying cortical direction selectivity in mice. In cats and primates [8] [9] [10] , some regions of the cortical receptive field respond more slowly and less transiently to visual stimuli than do other regions. The cortical neurons are preferentially activated by stimuli moving from slow-to fast-responding regions, because these stimuli produce the maximum neuronal response through temporal synchronization. To understand this synchronization, imagine two people who want to clap at the same time but who, when called to clap, respond at different rates -one more slowly than the other. To synchronize the claps for maximum impact, the slower clapper has to receive the signal first, and the faster clapper, second. As in cats and primates, Lien and Scanziani found that cortical neurons in mice prefer a moving direction that goes from slow to fast regions of the receptive field.
When the authors silenced non-thalamic inputs, each cortical neuron still had slow and fast regions within its receptive field and preferred moving stimuli that crossed the slow region first. This finding shows, for the first time, that thalamic inputs are sufficient to generate both slow and fast responses in different regions in the cortical receptive field, and that these regions generate direction selectivity through synchronization. The authors also demonstrated that the temporal differences between the responses of different cortical receptive-field regions were most pronounced at the end of a response to a stimulus (the response decay): activity generated by slow regions decayed more gradually than activity generated by fast regions. These findings are consistent with work in cats and primates 7, 9 that suggests that cortical direction selectivity is reliant mainly on synchronization of the response decay.
In their final and most impressive experiments, Lien and Scanziani recorded simultaneously the activity of a single cortical neuron and its thalamic inputs. The beautiful data collected in these experiments provide the strongest evidence so far that the slow and fast regions of the cortical receptive field 2 have revealed a main mechanism for direction selectivity in this brain region in mice. a, Neurons in the brain's thalamus that have overlapping receptive fields send inputs to a single cortical neuron. Their receptive fields can respond to movement in either a fast, transient manner (yellow) or a slow, sustained manner (blue). The authors demonstrate that cortical neurons are preferentially activated by movement in the direction (red arrow) that causes slow thalamic inputs to respond first, followed by fast inputs. b, As the graph shows, this is because signals from both types of input are temporally synchronized, maximizing the cumulative cortical response (red line), which crosses the threshold required to generate an electrical output. c, By contrast, movement in the opposite direction (grey arrow) activates the fast thalamic inputs first. d, This generates a weaker cortical response (grey line), which does not cross the threshold because the thalamic inputs are less synchronized, and so does not produce an electrical output. 
Years Ago
It happened last week that about 1 lb. of fresh lamb was put into an oven at night in order that it might be cooked by morning on the "hay-box" principle. It was in a casserole, with a little water. Similar treatment in the same oven on previous occasions had been very successful. At about 5 a.m. the casserole was examined, and the broth was found to be very well tasted, and the whole smelt fresh and good, but the meat when tested with a fork was not tender, and the fat (of which there was a good deal) was entirely unmelted. The casserole was returned to the oven (then quite cool) and taken out again after breakfast. The contents were then found to be smelling most offensively, as if extremely "high". The fat was melted. The meat and broth were judged quite unfit for human food. I wonder if any of your readers would explain this curious development. From Nature 6 June 1918 are generated by multiple thalamic inputs that have temporally different responses to the stimulus (Fig. 1) . Thalamic inputs that respond slowly to visual stimuli generate slow responses in cortical regions, whereas those responding faster generate fast responses.
Lien and Scanziani's results, taken together with previous work [3] [4] [5] [6] [7] [8] [9] [10] , raise the interesting possibility that cortical direction selectivity is generated through a common mechanism -the convergence of temporally diverse thalamic inputs -in rodents, cats and primates. But as with all research, some questions remain open.
For instance, the authors focus their study on the middle layers of the visual cortex, which receive the bulk of the thalamic input 11 . As Lien and Scanziani show, many thalamic inputs in these middle cortical layers are not direction selective, but their combined activity is. It remains unclear whether thalamic inputs that target other cortical layers (or serve other functions) can encode direction selectivity through different mechanisms. For example, neurons in the superficial layers of the cortex might derive their direction selectivity from thalamic neurons that are themselves direction selective 12 .
It is also known that thalamic inputs to the visual cortex are arranged by their receptivefield position -inputs that have receptive fields close to one another in the field of view are clustered together. However, it is not yet known whether the thalamic inputs are also arranged according to their temporal properties. If so, this could explain why spatial position and direction preference tend to change together in different neurons across the visual-cortical map 13 . Whatever the answers are, it is becoming increasingly clear that the visual cortex generates stimulus selectivity, such as preferences for direction and orientation, through thalamo-cortical convergence. Lien 
